Analysis of stool has long been a diagnostic tool across a number of disease states. Currently, there are two stool scales in clinical use, the Bristol Stool Scale and the Amsterdam Infant Stool Scale. However, the existing categorizations for stool may not sufficiently cover the broad range of stool output for exclusively breastfed infants. The Bristol Stool Scale is not age specific to cover children who are not toilet trained and the Amsterdam Infant Stool Scale, though developed for children who are not toilet trained, does not sufficiently cover the wide variety of consistencies of exclusively breastfed infant stools. Through a robust understanding of exclusively breastfed infant stool characteristics, a new stool scale has been developed. It is proposed that this stool scale may better assist in observing and recording exclusively breastfed infant stool in a more accurate manner, which may aid in diagnostic capabilities. (JPEN J Parenter Enteral Nutr. 2018;42(suppl 1):S5-S11)
Introduction
It is widely recognized that gastrointestinal (GI) symptoms that manifest in stool output can point to illnesses. 1, 2 In breastfed infants, the presence of mucousy stools often triggers alarms, particularly in infants with infantile colic or excessive spit ups. This, in turn, can lead to unnecessary maternal dietary exclusions, formula changes, and subspecialty referrals. At present, there are two published scales for describing human stool form: the Bristol Stool Scale categorizes seven types of adult stool and the Amsterdam Infant Stool Scale further classifies stool types specific to infants. 3, 4 The Brussels Infant and Toddler Stool Scale under development is focused on the characterization of stool as it presents in diapered infants and toddlers, as stool in diaper can appear different than other stool samples. The development of this scale highlight the need to generate and/or establish stool scales for patient populations not adequately covered by the Bristol and Amsterdam stool scales. In order to be appropriately used as a diagnostic tool, accurate and descriptive categorizations of the stool are vital. To date, none of these scales have been optimized to represent or completely describe healthy exclusively breastfed infant stool.
Exclusive breastfeeding is recommended up to 6 months of age by the World Health Organization. 5 Stool output for infants fed exclusively breast milk is different than the stool output of infants who consume a mixed diet. In general, the characteristics of feces can vary according to age, diet, hydration and health, and can differ in terms of consistency, homogeneity, weight, color, viscosity, and viscoelasticity. Breastfed infant stool is primarily liquid and not always watery or homogeneous. 6 We propose that healthy breastfed infant stool is, in fact, more variable than described by either the Bristol or Amsterdam scales. In this study, we collected data on exclusively breastfed infant stool consistency, homogeneity, weight, color, viscosity, and viscoelasticity. Our findings identify a more specific characterization system to classify breastfed infant stool, with the potential for use as a diagnostic tool to help parents and pediatricians recognize the range of normal stool output and consistency that can be expected for exclusively breastfed infants. Excerpts of these studies were presented at National Advanced Practice Neonatal Nurses Conference in San Diego, CA in 2016. 7 
Methods

Infant population
Seventy-eight healthy, exclusively breastfed infants aged up to 6 months were recruited from the Cincinnati, OH, geographic area. These infants were all weighing 6 lbs or more, and premature infants were not specifically selected or rejected from the study. Infants were recruited to attend two separate collection periods, with 11 infants attending both collection periods. Infants receiving antibiotics or not generally healthy (exhibiting symptoms of fever, diarrhea, cough or cold) were excluded from our study. Parents were given a habits and practices questionnaire for their child that included the question "On average, how many bowel movements does your baby have in one day?"
Stool collection
In the stool collection portion of the study, a total of 243 stool samples were collected under the supervision of 12 pediatric nurses. Stool samples were obtained via sterile pediatric U-bags (Briggs Healthcare Supplier #07511) that were attached around the anus. Additional pediatric collection bags were also attached to the genital area of the infant, ensuring that urine was kept separate to avoid contamination of the stool samples. After a stool occurred, it was weighed and transferred to a plastic jar. Visual analysis of stool was conducted at this point, which served to inform color observations. The feces were further characterized according to stool weight (in grams), consistency, and homogeneity. Graphs were generated based on the data, and further analyzed based on stratification into specific age cohorts (including 0-1 month, 2-3 months, and 4-5 months).
Limitations of this study include a lack of objective noninvasive markers to assess underlying GI inflammation (like fecal calprotectin or lactoferrin).
Sample preparation
Fecal samples were stored in a controlled temperature refrigerator at 5°C after collection and allowed to come to room temperature before use. The samples were first poured onto a Peltier plate. The upper part of the plate (known as the upper geometry) was then lowered to the trim gap setting (10% higher than the final gap). The samples were trimmed to remove any excess, then all contact surfaces of the solvent trap cover were greased (using vacuum grease). The solvent trap served as a cover for the sample, bridging the Peltier plate and upper geometry and sealing the sample off from the outside environment. The solvent used for the solvent reservoir of the upper geometry was deionized (DI) water.
Rheological analysis
Rheological data were generated from an oscillatory stress sweep test and a flow shear sweep rheological test. A new sample was used for each rheological method sequence. This approach allowed us to obtain viscosity (measured in cP) and viscoelasticity (measured in % recovery) using an AR1500EX rheometer (TA Instruments).
The raw data obtained from the methods outlined were further analyzed in two different ways, either via model analysis using the Trios software (version 3.1.4.3642, TA Instruments) or mathematical calculations. For the yield stress input for the creep method, we used the graph from the oscillatory amplitude method (set up in the appropriate way) choosing: analyze → modulus crossover. For the model analysis of viscosity, all of the data gathered were achieved by right clicking on the data graph (set up in the appropriate way) and choosing: analyze → cross model. Zero shear viscosity (cP) was obtained from the cross model applied to a graph of viscosity (cP) versus shear rate (1/s). For the mathematical calculations, all of the data were generated from either the raw data or model data. For 90% yield stress, the value is obtained by multiplying the yield stress value by 0.90. For percent recovery, the value is obtained by subtracting the absolute value of the Max creep compliance value in recovery from the Max creep compliance value in creep, dividing the resultant by the Max creep compliance value in creep and then multiplying the divisor product by 100.
Stool weight analysis
The stool weight data were analyzed with a linear mixed model to separately assess its association with parental reported stool frequency and infant age. In each model, stool weight was analyzed as a continuous response while stool frequency and age were treated as fixed class variables, with an infant as a random effect reflecting the repeated measures nature of the data (i.e., > 1 stool per infant). For this analysis, age was categorized as 0-1 month, 2-3 months, and 4-5 months. Infant age data were also analyzed with a linear mixed model to assess its association with stool frequency and color. In these models, age was analyzed as a continuous response and stool frequency and color were modeled as fixed class effects, with an infant as a random effect. The data were analyzed with the Mixed Procedure of SAS software (version 9.4; SAS Institute Inc.).
Results
Data collected demonstrate the range of exclusively breastfed infant stools-categorized as either mucousy or Stool consistency and homogeneity was examined across age groups (Figure 2 ). Of the stool samples, 54% overall were mucousy and 44% were watery (Figure 2A ). Pasty consistency accounted for <2% of the stool consistencies observed. When organized by age, 64% of stools in the 0-1 month cohort were watery compared with the 33% and 31% stools in the 2-3 and 4-5 months age groups, respectively. Older infants demonstrated an increase in the mucousy stool. We found 67% of stools in the 2- 3 months age group and 66% of stools in the 4-5 months age group had this type of consistency, compared with the 33% stools in the 0-1 month age group. Homogeneity of stool samples were examined across age groups as well ( Figure 2B ). Of the 0-1 month cohort 59% of stools were watery with curds versus the 21% of stools of the 4-5 month age group. There were no remarkable differences between thick and thin subcategories of mucousy stool across age groups. Stool weight for exclusively breastfed infants was highly variable, ranging from 1.2 to 43.5 g, with a mean (±SD) of 9.1 (±7.9) g. A statistically significant increase in stool weight was observed with infant age. The mean (SE) stool weight for 0-1, 2-3, and 4-5 month age groups was 6.6 (1.0) g, 9.7 (0.9) g, and 11.7 (1.2) g, respectively (p = 0.0055) ( Table 1) .
Stool frequency was also reported for infants across the identified age groups. Infants in the younger age groups had higher frequency of stool than infants between 2 and 5 months (Table 2 ). Stool weight was then analyzed by parentally reported stool frequency for 71 infants, nine of which were in both data collection periods (Table 3) . Mean stool weight decreased statistically significantly (p < 0.0001) with parental reported stool frequency. For 21 of the 243 stool samples, there were no corresponding parental reported stool frequency and, therefore, were excluded from analysis.
Stool frequency was also recorded for 71 infants, nine of which were in both data collection periods (Table 4) . Age decreased statistically significantly (p = 0.0002) with stool frequency. For nine infants, there were no corresponding parental reported stool frequency data and, therefore, the infants were excluded from analysis. Overall, a broad range of colors were observed in healthy, exclusively breastfed infants. Of the 243 samples evaluated, stool colors could be characterized as brown, green, yellow, or orange (Figure 3) . Yellow accounted for 63% of stools, while 32% were green. Brown and orange together made up <10% of the total. Only 2% of stools were orange, and 4% of stools were brown.
In order to understand the behavior of the infant stool as it would penetrate into a diaper, the rheological properties of stool were measured. Viscosity values show that exclusively breastfed infant stools had different responses to the increase in shear rate, from no shear rate (zero shear representing no movement) to higher shear rate (10 s-1 representing higher movement), depending on the consistency of the stool sample. Breastfed infant stools with various consistencies showed unique characteristics at the reported shear ranges (zero and 10 s-1) (Figure 4 ). Pasty stool (although a small sample) had the highest zero shear viscosity, followed by mucousy stool, then watery stool with the lowest viscosity ( Figure 4A ). At the higher shear, pasty stool again had the highest viscosity; however, at this higher shear, watery and mucousy stool were more similar, each of Viscoelasticity, or the property of the stool to exhibit both viscous and elastic characteristics when undergoing deformation, was also measured to understand the behavior of the infant stool as it penetrates into a diaper. Viscoelasticity was measured in percent recovery under the yield stress Figure 5 . Overall Stool Viscoelasticity of each sample. Viscoelasticity values show that exclusively breastfed infant stools have a very high elastic nature or the ability of the stool to recover or "spring back" when the stresses are removed. This finding was consistent across the consistencies of watery, mucousy, and pasty, with mucousy and pasty overall having highest percent recovery ( Figure 5 ). Again, it should be noted that the variability in the watery and mucousy stool viscosities correlated to the variability of the thickness of the mucousy stool sample and the amount of curds in the watery stool sample.
Discussion
Our research aimed to provide a detailed analysis of exclusively breastfed infant stool in terms of consistency, homogeneity, frequency, weight, color, viscosity, and viscoelasticity, with the intent of formulating a new infant stool scale based on insights from the data sets. Overall, the weight measurements that were collected, in grams, were highly variable across infant age groups, with the only overall trend observed being an increase in stool weight with age. Stool weight averaged 9.1 ± 7.9 g.
In addition to weight, colors observed were also highly variable. A wide variety of colors were observed across age groups as well as stool types, with no trends emerging with regard to color and other stool characteristics. As such, stool color data were not included in the development of the scale. However, it is important to highlight that healthy, exclusively breastfed infants present a wide variety of stool colors, which can serve as reassurance to caregivers that It was determined the overall stool characteristics for exclusively breastfed infants comprised a wide range of consistencies, homogeneities, viscosity, and viscoelasticity. Overall, exclusively breastfed stools could be characterized as either mucousy (54%) or watery (44%), and further subclassified as thick (36%) or thin (19%) mucousy or watery with curds (37%) or without curds (8%). Our robust analyses of infant stool consistency, homogeneity, viscosity, and viscoelasticity suggest that the current and widely accepted classification systems (Bristol and Amsterdam) do not adequately describe the breadth of stool that falls within the normal and healthy scope for exclusively breastfed infants. Based on our observations, exclusively breastfed infant stool is typically liquid, although it is not always watery or homogeneous. We, therefore, propose a Diapered Infant Stool Scale ( Figure 6 ) with five categories to cover the possibilities of stool types. Specifically, Type 1 is hard/solid, followed by pasty that is soft, yet takes a shape, then soft, but spreadable. Type 4 is mucousy and stringy that is more fluid than soft, and, finally, watery, which can be subdivided into two additional groups-watery with curds/solids or without curds/solids. While stool types 1 and 3 were not observed in the methodology reported herein, these stool types were reported in the Amsterdam stool scale in diapered infants. Type 2 was observed, albeit at a low instance (<2%). We believe it is imperative to include all observed breastfed infant stool types, along with the further differentiation provided by stool types 4 and 5, to create a more robust and inclusive stool scale for all diapered infants including breastfed infants.
The Bristol and Amsterdam stool scales were developed to help healthcare providers give an accurate description of the appearance and consistency of patient stool. Stools characteristics of healthy exclusively breastfed infants do not presently fit into descriptions and categories of either the Bristol or Amsterdam stool scales. The Bristol stool scale is not age specific and does not have the granularity to distinguish between the different types of watery stools of exclusively breastfed infants, namely curds which are present in the majority of breastfed infant watery stool. Additionally, mucousy stool, which accounted for over half of the exclusively breastfed infants' stool collected, is not described by any of the existing categories in this scale.
The Amsterdam Infant Stool Scale, while developed for infants who are not yet toilet trained, does not sufficiently cover exclusively breastfed infant stool as it also lacks distinction between types of watery stools, and mucousy stool falls outside the existing categories in this scale. In order to be adequately used in a diagnostic manner, stool scale characterizations and categories must accurately describe the consistency of stool to reliably be described across observers. Therefore, the more descriptive Diapered Infant Stool Scale, which includes a thorough description of stools exhibited by exclusively breastfed infants in addition to the other diets studied in Amsterdam, may help provide more guidance and clarity into the reporting of stool. This scale was developed using advanced thermoelectric techniques (eg, viscosity and viscoelasticity) to validate the unique consistencies of exclusively breastfed infants that were learned in visual grading.
Taken together, our collective findings can be applied to accurately report the consistency of an individual infant's stool, such as in a hospital chart or in a home log, as well as to understand shifts over time in stool output to encourage parents and pediatricians not to be alarmed by changes that are completely normal among exclusively breastfed infants.
Contrasting the results of this study with previous studies focused on breastfed infant stool, analysis of stool by weight has determined that the amount of stool passed increases with age. Previous studies tracking infant stool frequency similarly have reported that infant stool frequency decreased with age. 8 Additionally, these findings suggest that watery stool is much more common than previously reported. 9 Similarly, pasty stool accounted for significantly fewer samples than previously reported in the Amsterdam scale. The new proposed Diapered Infant Stool Scale takes into account the frequency by which watery and mucousy stool occurs in healthy, exclusively breastfed infants so that caregivers are not alarmed by the presence of this type of stool.
Conclusion
Normal healthy breastfed infant stool, while liquid overall, has different consistencies, homogeneities, weights, and colors. We observed day-to-day variances in stool samples from the same infant. Exclusively breastfed infant stool can have different consistencies not covered by the Bristol and Amsterdam scales. We explored several different characteristics of stool based on consistency, homogeneity, weight, color, viscosity, and viscoelasticity. Our analysis has lead us to establish a novel Stool Scale for Diapered Infants, containing additional consistency and homogeneity classifications within the normal range for healthy breastfed infants in addition to those diets studied by Amsterdam. This scale includes a more granular description of breastfed infant stool in addition to those consistencies reported in other scales and as such can aid in a more consistent and methodical reporting of stool characteristics, which may help track changes in stool output and serve as a tool in the diagnosis of possible diseases.
